The composition of steam volatile oil from aerial parts of Salvia mukerjeei Bennet & Raizada (Lamiaceae) was analyzed by capillary GC and GC-MS. The oil was rich in sesquiterpene hydrocarbons (67.3%). Among 71 identified constituents representing 91.7% of the oil, β-caryophyllene (28.7%), γ-muurolene (15.5%) and dehydro-aromadendrane (9.5%), were the principal constituents. The oil was tested against ten bacterial strains and was active against Enterococcus faecalis, Erwinia chrysanthemi and Agrobacterium tumefaciens.
The genus Salvia Linn. contains about 700 species widely distributed in the temperate and warm regions of both the hemispheres. Seven species of Salvia have been reported to grow in the central Himalayan region of India [1, 2] . Two species have been investigated thoroughly for their steam volatile components [3, 4] . The roots of Salvia mukerjeei are reported to cure cold and cough, the leaves are applied to wounds and the seeds are used for dysentery and colic [5] .
The literature contains several reports on the essential oil composition of Salvia species growing worldwide [6] but none for S. mukerjeei. The present communication describes a detailed analysis of the oil and its antibacterial activity.
The percentage oil yield from the plant was 0.34% by weight. The GC analysis revealed more than eighty components. Seventy one identified constituents represented 91.7% of the oil, several in trace amounts. The compounds were identified by comparison of their Retention Indices and mass spectra with the literature [7] . The oil was rich in sesquiterpene hydrocarbons (67.3%) including β-caryophyllene (28.7%), γ-muurolene (15.5%), dehydro-aromadendrane (9.5%) and α-guainene (5.4%) in addition to monoterpene hydrocarbons (4.5%) and oxygenated sesquiterpenoids (7.8%) [ Table 1 ].
Since S. mukerjeei produced a relatively satisfactory yield of sesquiterpene rich oil, in contrast to the generalization [8] that only the oil poor (<0.2%) Lamiaceae taxa are rich in sesquiterpene hydrocarbons. A comparison between the essential oil composition of S. mukerjeei with those of other Salvia species indicates it is closely related to those from S. aethiopis (β-caryophyllene 23.3%, α-copaene 23.3%) [9] , S palanestina (β-caryophyllene 36.4%) [10] , S. canariensis (β-caryophyllene 30.2%, α-pinene 9.5%) [11] , S. hydrangea (β-caryophyllene 33.4%, caryophyllene oxide 25.4%) [12] and S. bracteata β-caryophyllene 10.7-41.6%, γ-muurolene 1.8 -9.9%) [13] . In terms of the essential oil composition, S. mukerjeei can also be compared with S. angulata from Venezuala which is also rich in sesquiterpene hydrocarbons: β-caryophyllene (27.7%), germacrene D (19.5%), bicyclogermacrene D (18.3%) [14] . However, germacrene D is completely absent in the essential oil from S. mukerjeei.
Antibacterial testing of the essential oil showed a maximum zone of inhibition (20mm) against the Grampositive bacteria, Enterococcus faecalis followed by the Gram-negative, E. chrysanthemi (18 mm), A. tumefaciens (17 mm), E. coli (15 mm) and the lowest (10 mm) against X. phaseoli. The zone of inhibition values are summarized in Table 2 . All bacterial strains were further tested at different concentrations to determine the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values.
Erwinia chrysanthemi showed the lowest MIC at a concentration of 31.25 μL/mL, while the MIC values against E. coli, A. tumefaciens and B. subtilis were at 62.5 μL/mL and the minimum bactericidal concentration of 125.0 μL/mL was against A. tumefaciens. The results are summarized in Table 3 . The S. palaestina Oil, with β-caryophyllene as a principal constituent, also showed better activity against the Gram-positive bacteria S. aureus, than Gram-negative bacteria (E. coli, P. aeruginosa.) [10] . The oil from S. canariensis, with β-caryophyllene and viridiflorol as the major components, had limited activity against the Gram-positive bacteria S. aureus and S. epidermis, and were inactive against the Gram-negative bacteria (E. coli, P. aeruginosa, Salmonella spp. and Protes mirabilis) [11] . The essential oil of S. mukerjeei showed significant activity against all Gram-positive as well as Gram-negative bacteria, thus indicating the importance of this plant for the treatment of infectious diseases.
Experimental
Plant material: The plant material was collected from Lamgara, district Almora, India at an elevation of 1,900 m in March, when the plant was flowering. The aerial part of the plant was used for the extraction of oil. The plant was identified by the Botany Department, Kumaun University, Nainital and its identity was further confirmed by the Botanical Survey of India, Dehradun, where a herbarium specimen was deposited (Herbarium Voucher No. [BSI (NC) Acc No.112203 BSD].
Extraction and isolation of oil:
The oil was obtained by the steam distillation of fresh plant material (2.0 kg) using a copper still fitted with spiral glass condensers. The aqueous distillate was saturated with NaCl and the oil was extracted with hexane. The organic layer was separated and dried over anhydrous sodium sulphate. The solvent was removed using rotovap at reduced pressure and at 30°C.
Gas Chromatography:
The GC analysis was performed using a Hewlett Packard 6980 gas chromatograph fitted with an HP-5MS capillary column (30m x 0.25mm, film thickness 0.25µm), and a flame ionization detector. The oven was programmed at 50 0 C for 10 min and then raised Essential oil of Salvia mukerjeei Natural Product Communications Vol. 6 (12) 2011 1951 to 240°C (3°C/min) where it was maintained for 5 min. The composition data were taken from area percent data without the use of correction factors and rounded off to the first decimal place. Co-injection of the oil and n-alkanes (C 8 -C 23 ) allowed calculation of the Retention Indices [7] .
Gas Chromatography-Mass Spectrometry: GC-MS analysis was carried out using an AGILENT 5973 Network Mass Selective Detector interfaced with an AGILENT 6856 GC system fitted with an HP-5MS capillary column (30m X 0.25mm, film thickness 0.25 µm) at 50°C for 10 min then raised by 3°C/ min to 230°C where it was maintained for final 10 min. The mass spectra were acquired at 70 eV, at 2.41 scan/second and a mass range of 41-350. Helium gas was used as a carrier gas in both the analyses. ) and Pasteurella multocida (MTCC1148). The isolates were separately cultured on nutrient agar plates for 24 hours. Twenty mL of the medium was poured into a sterile Petri plate (80 mm diameter) and allowed to solidify. A colony of each test organism was sub-cultured on ten mL nutrient broth and incubated at 37° ±1°C for 8 hours. One mL of the broth culture was then used to flood the agar plates.
Antibacterial assay

Antibacterial testing:
The preliminary screening of antibacterial activity was conducted at 1000 μL/mL concentration by using disc-diffusion method. [15] Streptomycin 30 μg/disc (Himedia) and Erythromycin 15 μg/disc (Himedia) were used as positive control while hexane was used as a negative control on all the bacteria to compare the zones of inhibition with that of the oil sample. The MIC values were determined at five different concentration of the oil (500, 250, 125, 62.5, and 31.25 µL/mL) and each set of experiment was done in triplicate.
Nutrient agar with a pH value of 7.3±0.2 was autoclaved at 121°C for 30 min at 15 psi. Whatman filter paper no. 1 was used to prepare discs of 5 mm diameter. Microorganism were streaked in a radial pattern on the agar plate [16], rotating the plate approximately 60°C each time to ensure an even distribution of inoculum. Once the plates were inoculated with the micro-organism, four filter discs of 5 mm diameter were applied in a clockwise pattern, one containing plant oil (15 µL), another one of solvent (negative control, n-hexane) and two discs of standard antibiotics (positive controls). The plates were inverted and placed in an incubator (37°± 1°C). After 24 hours of incubation, each plate was examined for growth and inhibition. The diameter of the complete inhibition zone was measured to the nearest whole millimeter.
